
N A S A  TECHNICAL NOTE 

M 
h 
*e 

T 
n 

4= 
z 0-- s  
I- LOAN COPY: RE‘ I+= 

4 AFWL (WLI w zL 
c/) KIRTLAIVD AFR,4 z 


I 

.. 
t ” 


T. 

WIND-TUNNEL INVESTIGATION OF 

THE FLIGHT CHARACTERISTICS 

OF A MODEL OF A N  ASPECT-RATIO-6 

CONICAL-PARAWING UTILITY VEHICLE 


by Churles C. Smith, Jr., and  Geoige M .  Ware 

Langley Research Center 
!

Lungley Station, Hampton, Vu. i 

NATIONAL AERONAUTICS A N D  SPACE A D M I N I S T R A T I O N  WASHINGTON,  D. 



TECH LIBRARY KAFB, NM 

013070L 

NASA 'TN D- 3673 

WIND-TUNNEL INVESTIGATION O F  THE 


FLIGHT CHARACTERISTICS O F  A MODEL O F  AN ASPECT-RATIO-6 


CONICAL-PARAWING UTILITY VEHICLE 


By Char l e s  C. Smith, Jr., and George M. Ware  

* 

Langley Research  Center  
Langley Station, Hampton, Va. 

Technical Film Supplement L-920 available on request. 

NATIONAL AERONAUTICs AND SPACE ADMlNISTRATION 

For sale by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 - Price $2.00 



WIND-TUNNEL INVESTIGATION OF THE 


FLIGHT CHARACTERISTICS OF A MODEL OF AN ASPECT-RATIO-6 


CONICAL- PARAWING UTILITY VEHICLE 


By Charles C. Smith, Jr., and George M. Ware 
Langley Research Center 

SUMMARY 

A low-speed wind-tunnel investigation has been made to determine the flight charac
terist ics of a flying model of a parawing vehicle with a wing having an aspect ratio of 6. 
Flight tests were made over an angle-of-attack range of the parawing keel f rom about 23' 
to 40'. The model consisted basically of a cargo platform attached to a parawing by 
means of an overhead t rus s  arrangement, and it was powered by a pusher propeller loca
ted a t  the rear of the platform. Control was provided by pitching and rolling the wing and 
by a rudder surface mounted in the propeller slipstream. 

The results of the investigation showed that the model had satisfactory dynamic 
longitudinal and lateral stability, and the motions were well damped over the angle-of
attack range of the tests. The center-of-gravity-shift control system was reasonably 
effective for controlling the model but was considered relatively weak and was generally 
rated low in t e rms  of conventional airplane control power requirements. Because of the 
good stability, however, this relatively weak control was generally satisfactory for  main
taining wing-level flight and for performing the mild maneuvers possible in the tunnel. 

INTRODUCTION 

The National Aeronautics and Space Administration has conducted a number of 
investigations to determine the aerodynamic characteristics of parawing configurations. 
(For example, see refs. 1 to 5.) The parawing which received the most attention in  these 
studies was of low aspect ratio and had a conical canopy with equal-length leading edges 
and keel. The low-aspect-ratio conical parawing may be adequate fo r  applications in 
which only a moderate glide range is required. For  other applications, such as tow vehi
cles o r  utility-type vehicles, or  where extended glide range is needed, however, a wing 
with a higher lift-drag ratio would be desirable. 

Previous work on parawings has shown that increases in aspect ratio f rom 3 to about 
6 gave appreciable increases in maximum lift-drag ratio particularly f o r  parawings with 
cylindrical canopies. For  parawings with conical canopies, the increase in maximum 
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lift-drag ratio with increasing aspect ratio was not as pronounced but appreciable 
improvements in longitudinal and directional stability and control characteristics could 
be achieved. (See refs. 1 and 2.) 

The present investigation was conducted to study the low-speed dynamic stability 
and control characteristics of an  aspect-ratio-6 conical parawing. These tes ts  consisted 
of low-speed force  and flight t e s t s  conducted in the test  section of the Langley full-scale 
tunnel. The aspect-ratio-6 configuration differs f rom the more conventional (low
aspect-ratio) parawing in that the length of the keel was considerably less than the 
lengths of the leading edges. The model was generally s imilar  in design to the parawing 
vehicles tested in previous investigations (refs. 4 and 5) in that it consisted basically of 
a cargo platform (the same platform as that used in ref. 4) attached to a parawing by 
means of an overhead t r u s s  arrangement. It was powered by a pusher propeller located 
at the r e a r  of the platform. The vehicle was controlled by banking the wing for roll  con
trol, pitching the wing for  pitch control, and deflecting a rudder mounted in the slipstream 
of the propeller for yaw control. 

In the present investigation, flight tests were made to determine the dynamic sta
bility and control characterist ics of the model over an angle-of-attack range of the para-
wing keel f rom about 23' up to the maximum t r im  angle of attack possible (40') with the 
design control system. Static force tes ts  were made over a keel angle-of-attack range 
of 15' to 50' to determine the static stability and control characteristics of the model 
f o r  correlation with the flight-test results. 

Motion-picture film supplement L-920 has been prepared and is available on loan. 
A request card and a description of the film a r e  included at the back of this document. 

SYMBOLS 

All forces, moments, and velocities with the exception of lift and drag are presented 
with respect to a system of body axes. For the complete model, the body-axis system 
was parallel to the cargo bed and originated at the reference center of gravity. (See 
fig. 1.) For wing-alone tests, the body-axis system was parallel to the parawing keel and 
originated at the wing pivot point. All measurements a r e  reduced to standard coefficient 
form and are based on the flat pattern (45O leading-edge sweep) dimensional character
ist ics of the wing. Equivalent values in  the International System (SI) a r e  also indicated 
herein. See reference 6 for  (SI) physical constants and conversion factors. 

b wing span, f t  (m) 

CD drag coefficient, FD-qS 
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cL lift coefficient, FL/qS 

CZ rolling- moment coefficient, MX/qSb 

ACz ,ACn,ACy incremental force and moments 

ac 
czp =ag',per  degree 

Cm pitching-moment coefficient, MdqSZ 


Cm, o pitching-moment coefficient at zero lift, My,o/q&?k 


Cn yawing-moment coefficient, MZ/qSb 


Cnp = per degree 

cT thrust coefficient, - c  
D(power-on) D(power-off, propeller windmilling)1ap,o 

lateral-f orce coefficient, Fy/qS 

c =- per degree
yP a0 

FD drag, lbf (N) 

FL lift, lbf (N) 

FY side force, lbf (N) 

IX moment of inertia about X-axis, slug-ft2 (kg-m2) 

IY moment of inertia about Y-axis, slug-ft2 (kg-m2) 

I Z  moment of inertia about Z-axis, slug-ft2 (kg-m2) 
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Subscript: 

max 

angle of incidence of parawing keel angle with respect to platform, 

Ok - o " p 7  deg 

lift-drag ratio 

keel length, f t  (m) 

rolling moment, ft-lb (m-N) 

pitching moment, ft-lb (m-N) 

pitching moment at ze ro  lift, ft-lb (m-N) 

rolling moment, ft-lb (m-N) 

free-stream dynamic pressure, lb/sq f t  (N/m 2) 

2wing area, sq f t  (m ) 

longitudinal, lateral, and normal body axes, respectively 

distance along Z-body axes, f t  (m) 

angle of attack of keel, deg 

angle of attack of platform, deg 

angle of sideslip, -@, deg 

deflection of rudder surface, positive trailing edge left, deg 

angle of roll, positive right wing tip down, deg 

angle of yaw, deg 

maximum 
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MODEL AND APPARATUS 

A photograph of the model flying in the tunnel is presented in figure 2 and sketches 
showing some of the more important model dimensions are presented in figure 3. Addi
tional dimensional and m a s s  characteristics of the model are presented in the following 
table: 

Weight. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 lb ( 320.27 N) 
Wing loading . . . . . . . . . . . . . . . . . . . . . . . . .  2.87 lb/sq ft (137.42 N/m2) 
Moment of inertia: 

Ix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.67 slug-ft2 (10.40 kg-m2) 
Iy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.72 slug-ft2 (13.18 kg-m2) 
Iz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.67 slug-ft2 (10.40 kg-m2) 

Parawing dimensions: 
Area (flat pattern, 45O leading-edge sweep) . . . . . . . .  25.225 sq ft ( 2.34 m2) 
Span (flat pattern, 45' leading-edge-sweep condition) . . .  12.08 ft ( 3.68 m) 
Keellength . . . . . . . . . . . . . . . . . . . . . . . . .  4.10 f t  ( 1.25 m) 

Rudder dimensions: 
Area . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 0 s q f t  ( 0.14 m2) 
Span . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.00 ft ( 0.61 m) 
C h o r d .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.75 f t  ( 0.23 m) 

The test vehicle was similar to the earlier vehicles used in previous parawing inves
tigations (refs. 4 and 5) in that it consisted basically of a cargo platform attached to a 
parawing by means of an overhead t rus s  arrangement. It w a s  powered by a pusher pro
peller located at the rear of the platform and had a cockpit located at the front. A para-
wing having an aspect ratio of 6 and a conical canopy was  used on the vehicle. The keel 
of the wing was constructed of an aluminum-alloy box beam and the two airfoil-shaped 
leading edges were constructed of aluminum tubing covered with balsa wood. The leading 
edges were hinged together at the apex of the wing. The aspect-ratio-6 parawing differs 
from the more conventional (low-aspect-ratio) parawing in that the length of the keel was 
considerably less than the lengths of the leading edges. A fixed leading-edge sweep angle 
of 50° was maintained by a spreader bar which was  attached to the parawing leading edges 
and to the keel at approximately the 72-percent keel station. 

When the leading edges were spread out until the fabric assumed a flat pattern, the 
trailing edges of the fabric were straight from the wing t ips to  the keel and the leading-
edge sweep angle w a s  45'. The fabric used to  form the membrane of the parawing was 
made of nylon cloth with a plastic coating to  give essentially zero porosity. The wing 
pivot was located so that the resultant force of the wing-alone l i f t  and drag would act 
approximately through the center of gravity of the complete model. 
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Pitch and roll  control for  the model were obtained by pitching and banking the wing, 
respectively (which is, in effect, control by a center-of-gravity shift). Yaw control was 
provided by a rudder surface mounted directly in the propeller slipstream. 

Electrically operated servoactuators mounted on the platform were used to provide 
control deflections in response to electrical signals generated by the pilot's control stick. 
The control used was of the full-off and full-on type in that deflection of the control stick 
caused surfaces to be deflected to a predetermined deflection at a fixed rate (depending 
upon the gearing and linkage involved). When the control stick was released, the control 
surfaces returned to their neutral setting. 

Thrust  for  the model was supplied by a pneumatic motor driving a four-blade 
pusher propeller. The propeller blades had 3-inch chords and were set  at a blade angle 
of 14' measured at the 0.75-radius station. 

The investigation was conducted in the Langley full-scale tunnel. The flight tes ts  
were made by using the technique described in reference 7 and the equipment illustrated 
in figure 4. Static force tes ts  were made by using a single-strut support and a strain-
gage balance. 

TESTS 

Flight Tests  

Flight tes ts  were made to study the dynamic stability and control characteristics 
of the model over a range of keel angle of attack from 23' to 40°, which corresponded to  
an airspeed range from about 24 to 38 knots. The wing bank angle used for roll control 
was *5O.  The rudder surface was deflected 520' fo r  yaw control. At each t r im airspeed 
the model was flown by using rudder alone, wing bank alone, and coordinated rudder and 
wing bank for  lateral  control. 

The longitudinal location of the center of gravity for  the flight tes ts  was 2.60 inches 
(6.60 cm) forward of and 0.8 inch (2.03 cm) above the reference center-of-gravity loca
tion shown in figure 3, which was the moment reference center for  the force tests. 

The stability, controllability, and the general flight behavior of the model were 
determined in various cases, either qualitatively from the pilots' observations o r  quanti
tatively f rom motion-picture records of the flights. General flight behavior is the t e rm 
used to describe the overall flying characteristics of a model and indicates the ease with 
which the model can be flown. In effect, the general flight behavior is much the same as 
that indicated by the pilot's opinion of the flying qualities of an airplane and indicates 
whether stability and controllability are adequate and properly proportioned. 
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Force Tests  

For  all the force tests, the strain-gage balance was mounted so that its longitudinal 
axis was alined with the cargo platform. The balance moment center was located at the 
'reference center of gravity shown in figure 3. Since the forces  and moments were there
fo re  measured with respect to the platform angle, it was more convenient to use this 
angle rather than the keel angle as reference for angle of attack. For this reason, the 
data are plotted in t e rms  of platform angle and are discussed in  t e r m s  of this angle 
except f o r  a few cases  where the data are referred to the keel angle for comparison 
purposes. For the wing-alone (including the spreader bar) force tests, the balance was 
mounted so that its longitudinal axis was alined with the keel and the moments were 
referred to the wing pivot point. 

Power-off and power-on force tests were made to determine the static longitudinal 
and lateral stability and control characteristics of the model fo r  use in correlation with 
the flight-test results. In the power-off tests, the propeller was allowed to windmill. 
In the power-on longitudinal tests, an effort was  made in some cases  to simulate steady 
level flight by trimming the model in both pitch and drag. 

Most of the force t e s t s  were made over an  angle-of-attack range of the platform 
from -10' to 20' for  wing incidences of 20°, 25O, and 30'. (The angle-of-attack range of 
the keel covered by this group of tes ts  varied from 15' to 50°.) The lateral  tes ts  were 
made for  sideslip angles of *5O. The tests to determine the lateral  control effectiveness 
of the wing were made for  wing bank angles of *5O to *loo relative to the body axis of the 
platform. Tests  made to determine the effectiveness of the rudder surface were made 
for deflections of *loo to *20°. In addition to these tes ts  of the complete model, a few 
tests  were also made with the wing alone. 

All the tes ts  were made at a dynamic pressure of about 2.87 pounds per  square foot 
(137.42 N/m 2) which corresponds to an airspeed of 28.1 knots to a Reynolds number of 
891 529 based on the parawing keel length of 2.96 feet (0.902 m). 

RESULTS AND DISCUSSION 

Force Tests 

Static longitudinal stability and trim.- The results of force tests to determine the 
static longitudinal stability and t r im  characteristics of the model are presented in fig
u re  5 for wing incidences of 20°, 25O, and 30'. These data show that the model has  static 
longitudinal stability throughout the angle-of-attack range and that for  the 25' and 30' 
wing incidence cases, the stability increased somewhat after the stall. The data also 
show that power increased the maximum lift coefficient and that there  was little or no 
change in the longitudinal stability due to power. 
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In order to  permit a comparison of the effects of wing incidence on the longitudinal 
characteristics to be made more conveniently, the data of figure 5 for iw conditions of 
20°, 25", and 30' are replotted in figure 6 for the power-off case. Figure 6(a) shows the 
data plotted against the angle of attack of the platform, and figure 6(b) shows the data 
plotted against angle of attack of the keel. Also presented in figure 6(a) are data for  the 
model with the parawing off obtained from reference 4 and corrected for  the difference in 
wing area and keel length. The data of figure 6(b) show that the lift and drag character
ist ics of the vehicle at the three angles of incidence are almost identical when compared 
on the basis of equal wing angle of attack. This result  indicates that the angle of attack 
of the platform had little effect on the lift or  drag. The angle of the platform relative t o  
the wing did, however, have a pronounced effect on the pitching moments since changing 
the incidence moved the center of gravity relative to the wing. For  example, increasing 
the wing incidence moved the center of gravity rearward relative to  the wing and both 
reduced the static longitudinal stability and increased the t r i m  angle of attack. 

The maximum trimmed value of L/D for the complete model obtained for the 
iw = 20° condition at a lift coefficient of about 0.90 was about 3.1. This value of maxi
mum trimmed L/D is considerably less than the value of 4.2 achieved with the same 
basic model with a lower aspect ratio wing in reference 4. There are two factors which, 
taken together, explain this apparent discrepancy of a lower L/D with the higher aspect 
ratio wing: (1) the higher aspect ratio wing had about the same value of L/D for the 
wing alone as did the lower aspect ratio wing, and (2) the higher aspect ratio wing was 
smaller, having the same span and less chord; thus its lifting capability was reduced 
whereas the drag of the platform remained the same. The fact that the higher aspect 
ratio wing did not have any significantly higher L/D than did the lower aspect ratio 
wing is illustrated in figure 7 by the results for wing-alone tests of the two wings. These 
data at two different values of dynamic pressure show no consistent difference in the value 
of (L/D)max for the two wings. This result is generally in good agreement with the data 
presented in reference 2 where it was shown that on conical wings, increasing the aspect 
ratio from about 3 to 5.5 produced only a very small gain in (L/D)". 

The data of figure 7 show that the wing-alone pitching moments about the wing pivot 
generally indicate stability for both wings and that the aspect-ratio-6 wings have positive 
values Of Cm,o whereas the aspect-ratio-3 wing has negative values of Cm,o. This 
result  is in agreement with the data of references 1, 2, and 3 and is of significance because 
in the center-of-gravity-shift control system, the sign of Cm,o determines the sign of 
the stick-force gradient. A positive value of Cm,o provides a stable stick-force varia
tion with speed (that is, pull force is required fo r  t r im  at the lower speeds and a push 
force at the higher speeds) whereas an unstable variation is obtained when C,,, is 
negative. (See ref. 5.) From longitudinal control considerations, therefore, the 
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high-aspect-ratio wing is more desirable than the low-aspect-ratio wing when the center-
of -gravity-shift control system is employed. 

Static lateral stability and control.- The results of force tes t s  t o  determine the 
~~~ 

static lateral stability characteristics of the model are presented in figure 8 for wing 
incidences of 20°, 25O, and 30°, and sideslip angles of rt50 and are compared with corre
sponding data taken from reference 4 for an aspect-ratio-3 wing with a conical canopy. 
These data for the model with the aspect-ratio-6 wing are summarized in figure 9 in 
t e r m s  of keel angle of attack for the power-off condition. The data of figure 8 show that 
the model has static directional stability CnP and positive effective dihedral -CLP 
throughout the angle-of-attack range except for the iw = 30° power-off case where the 
model becomes directionally unstable at the high angles of attack - angles well above the 
stall. These data also show that, in general, power improved the directional stability of 
the model. The greatest effect of power occurred a t  the high angle of attack for the 
iw = 30° case where the directional stability changed from unstable -Cn8 to  stable 

I-

C n p  

Comparison of the data for  the model with aspect-ratio-3 and aspect-ratio-6 wings 
(fig. 8) shows that, in general, the model with the aspect-ratio-6 wing had more directional 
stability CnP and l e s s  positive effective dihedral -CzP than the model with the aspect
ratio-3 wing. 

The data of figure 9 show that there is little effect of iw on the lateral stability 
characteristics of the model and that, in general, increasing the angle of attack of the 
keel 01( increased CnP for  values of % up to  a value of 20' to 25'. Further 
increases in % resulted in a gradual reduction of C" P  until at the high angles of 
attack, the model became directionally unstable. 

The results of force tes t s  made to determine the static lateral stability characteris
t i c s  of the parawing alone are presented in figure 10. Data for  the aspect-ratio-3 wing 
of reference 4 are also plotted in figure 10 for comparison purposes. These data a r e  
referred to  a reference point at the keel axis and to a system of axes parallel to  the keel 
axis and therefore are not directly comparable to  the data for the complete model. These 
data show that the directional stability of the aspect-ratio-6 wing was much higher than 
that of the aspect-ratio-3 wing as would be expected on the basis of previous work. The 
dihedral effect for the two wings was of about the same level and showed a similar varia
tion with angle of attack. 

The static incremental lateral control characteristics produced by banking the para-
wing with respect to  the platform are presented in figure 11 for @ = 5O and in figure 1 2  
for @ = 10' for iw conditions of 20°, 25O, and 30'. These data are summarized in 
figure 13 for  the power-off case since power had little o r  no effect on the basic data. The 
data of figure 13(a) show that banking the wing k5O produced favorable rolling moments and 
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yawing moments that were slightly adverse at low and high angles of attack and slightly 
favorable at moderate angles of attack. The data of figure 13(b) show that increasing the 
wing bank angles to 10' gave higher favorable rolling moments but also gave higher 
adverse yawing moments. 

The investigation of reference 4 pointed out that in wind-tunnel tes ts  in which the 
platform of the model remained fixed and the wing w a s  banked, there  was considerable 
difference in static control characteristics depending upon the axis about which the wing 
was banked (keel axis or platform axis). If the static roll-control data for these two 
cases  a r e  compared, it will  be found that wing bank about an axis parallel to the keel pro
duces relatively small rolling moments but favorable yawing moments whereas wing bank 
about an axis parallel to the platform, as w a s  the case in the present investigation, pro
duces relatively high rolling moments but adverse yawing moments. Under actual flight 
conditions the overall control effectiveness is believed to  be about the same for the two 
cases  inasmuch as yawing moments produce sideslip and this sideslip acting through the 
effective dihedral parameter CZP roduces rolling moments that tend to equalize the 
net rolling moment acting in the two cases. 

In reference 8 an expression fo r  easily calculating the net rolling-moment coeffi
cient Cz net (rolling moment for the case of zero yawing moment) for configurations
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employing a wing-bank control system w a s  derived. This expression 

ACz,net = 
b
z CL sin @ 

w a s  used to calculate the net rolling-moment coefficient produced by 5 O  wing bank for the 
model of the present investigation and the results a r e  presented in figure 14. Also shown 
in figure 14 is a plot of the net rolling-moment coefficient for the aspect-ratio-3 wing. 
The data show that the net rolling moments a r e  very nearly equal to the measured rolling 
moments for the aspect-ratio-6 wing and remain fairly constant with angle of attack 
whereas the net rolling moments for the aspect-ratio-3 wing a r e  considerably below the 
measured rolling moments and show a rapid dropoff at the higher angles of attack. This 
much la rger  difference between the measured and net rolling moments for the aspect
ratio-3 wing is the result of its much lower directional stability and much more adverse 
yawing moments. 

Presented in figure 15 a r e  the results of tests to determine the lateral control effec
tiveness of the vertical rudder surface mounted directly in the slipstream. These data 
show that incremental yawing moments produced by the rudder were small in the power-
off case, but, as would be expected, were relatively large for the power-on condition. 
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Flight Tes ts  

Longitudinal stability and control.- The model w a s  found to  have dynamic longitudi
nal stability and the motions were wel l  damped over the angle-of-attack range (23O t o  40°). 
The decrease in the static longitudinal stability of the model as the trimmed lift coeffi
cient increased (fig. 6) did not appear to be of great significance in the flight behavior of 
the model except possibly at the highest lift coefficients. At high lift coefficients there 
was some indication that the model w a s  not as steady longitudinally as it was at the lower 
l i f t  coefficients although there was never any indication of static longitudinal instability at 
angles of attack up to  the highest angle (ak = 40'). The model was  generally easy to fly 
and, once t r im conditions were established, smooth flights of considerable duration were 
achieved in which little corrective control w a s  required. 

Pitching the wing for longitudinal control provided a satisfactory means of control
ling the model. When pitch control was applied, both the wing and the platform moved, 
but in opposite directions. For example, when nose-up pitch control w a s  applied, the ini
tial motions were that the wing pitched nose-up but the platform pitched nose-down. The 
significant point here is that the platform motion following a control input w a s  initially 
opposite t o  that desired and therefore was detrimental to the response of the system. In 
effect, this result was very much like a lag in motion response following a control input 
and, as might be expected, w a s  bothersome to the pilot. In the case of a full-scale man-
carrying machine, this initial motion of the platform in the wrong direction would be even 
more bothersome to the pilot because the angular acceleration he would feel following a 
control input would initially be opposite to that expected. 

It was noticed in the flight tests that when the model pitched down to low angles of 
attack (o?( = 20' to 18') after a stall, or when a disturbance resulted in the model pitching 
down to this angle-of-attack range, there  usually occurred a sudden collapse of the canopy 
with very little warning from the trailing-edge flutter. Low-aspect-ratio parawings have 
shown a more gradual change in canopy shape with a decrease in loading as the angle of 
attack was reduced. 

Lateral stability and control. - The lateral  stability characteristics of the model-

were found to be generally satisfactory over the angle-of-attack range. The model was 
directionally stable and the lateral oscillations were well damped. 

Rolling the wing for lateral control was reasonably effective for controlling the 
model but was considered relatively weak and w a s  consistently rated low in t e r m s  of con
ventional airplane control power requirements. Because of the good stability, however, 
this relatively weak control w a s  generally satisfactory for maintaining wing-level flight 
and fo r  performing the mild maneuvers possible in the tunnel. This result is in contrast 
to the flight result  obtained previously with low-aspect-ratio parawings (refs. 4 and 5), 
where it was found that the wing-bank control system was completely ineffective for 
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lateral control at high angles of attack. This difference in control between the two wings 
is believed to be associated primarily with the higher directional stability and lower effec
tive dihedral obtained with the higher aspect ratio wing. 

The control provided by wing bank seemed to  be most effective at keel angles of 
attack near 28' to  30°, and an increase from this angle resulted in a progressive decrease 
in control effectiveness. The deterioration in control at the higher angles of attack is 
probably associated mainly with adverse yawing moments inherent in the wing bank sys
tem and with the reduction in directional stability of the configuration. (See figs. 8 to 13.) 

As in the case of the longitudinal control, when roll control was applied, both the 
wing and the platform tilted, but in opposite directions. For example, when right roll 
control was applied, the initial motions were that the wing was banked to the right, but 
the platform was banked to  the left. This initial motion of the platform in the wrong 
direction following control input was more bothersome to  the pilot than was the case for 
longitudinal control because the initial motion of the body in a direction opposite to  that 
desired following the control input was much more pronounced than that for the longitudi
nal case. Once the pilot became adjusted to this type of motion, however, fairly smooth 
flights could be made with little attention to  control. 

This problem of relative motion between the body and wing would probably be more 
bothersome to  the pilot of the full-scale airplane because the angular acceleration he 
would feel following a control input would initially be opposite to that expected. This 
result  and the fact that the lateral stick forces a r e  inherently high in a vehicle of this 
type are factors which would undoubtedly adversely affect the pilot's rating of the flying 
qualities of the vehicle. 

The use of rudder coordinated with wing bank for lateral control provided satisfac
tory lateral control over the entire test angle-of-attack range. As in the case of other 
parawing utility vehicles, the rudder alone provided generally satisfactory lateral control 
characteristics a t  the higher angles of attack. The rudder provides roll control in an 
indirect manner by sideslipping the model and making use of the positive dihedral effect 
to  cause roll. At the higher angles of attack (above about 35O) the rudder alone provided 
better lateral control than that provided by wing bank alone. At the lower angles of attack, 
down to the lowest angle of attack flown (+ = 23'), the response of the model to  rudder 
was found to decrease (probably because of a reduction in dihedral effect) but, despite this 
fact, it was still felt that the rudder provided satisfactory lateral control and was about as 
effective for  roll control as the wing bank system in this angle-of-attack range. 
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CONCLUDING REMARKS 

Although neither stick forces nor the effects of flexibility were taken into account in 
the present investigation, it is believed that the results of the investigation provide a qual
itative indication of the overall flight characteristics of a'parawing vehicle of this type. 

The model had satisfactory dynamic longitudinal and lateral stability and the motions 
were well damped over the angle-of-attack range (keel angles of 23O to  40°). The sta
bility and control characteristics of the present model with the aspect-ratio-6 conical 
parawing were generally more satisfactory than those of the same model with an aspect
ratio-3 conical parawing which had previously been investigated. 

The center-of -gravity-shift control system was reasonably effective for  controlling 
the model but was considered to  be relatively weak and was consistently rated low in t e r m s  
of conventional airplane control power requirements. Because of the good stability, how -
ever,  this relatively weak control was generally satisfactory for maintaining wing-level 
flight and for performing the mild maneuvers possible in the tunnel. 

The rudder alone was about as effective for lateral control as the wing-bank system 
at low and moderate angles of attack and provided better control than the wing-bank sys
tem at the higher angles of attack (above about 350). 

The most satisfactory control was obtained when the rudder was coordinated with 
the wing-bank control. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., August 24, 1966, 
126-13-01-19-23. 
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Relalive wind 
___) 

Figure 1.- System of 	 axes used in investigation. Longitudinal data are  referred to wind axes and lateral data are  referred to body axes 
unless otherwise noted. Arrows indicate positive direction of forces, moments, and angles. 
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Figure 2.- Three-quarter rear view of the model f ly ing i n  the Langley full-scale tunnel. L-65-2576 



Figure 3.- Three-view drawing of model used in investigation. All  dimensions are in inches w i th  centimeters given in parentheses. 
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Figure 4.- Setup for flight tests in the Langley full-scale tunnel. L-64-3008 
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Figure 7.- Static longitudinal characteristics of parawing alone. p = 00. (Moment center located at wing pivot.) 
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Figure 13.- Effect of wing incidence on the  incremental lateral forces and moments produced by banking the wing. 
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A motion-picture film supplement L-920is available on loan. Requests will be 
filled in the order  received. You will  be notified of the approximate date scheduled. 

The film (16 mm, 7 min, color, silent) shows a free-flight model of an aspect
ratio-6 conical-parawing utility vehicle in level flight using a center-of -gravity-shift 
control system. 

Requests for the film should be addressed to: 

Chief, Photographic Division 

NASA Langley Research Center 

Langley Station 

Hampton, Va. 23365 
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Please send, on loan, copy of film supplement L-920to 
TN D-3673 

Name of organization 

Street number 

City and State Zip code 

Attention: Mr. 

Title 



“The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of human knowl
edge of phenomena in the atmosphere and space. The Administration 
shall provids for the widest practicable and appropriate dissemination 
of  information concerning its activities and the results thereof.” 
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